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Abstract. IEKKE is a sequentialization-inspired bounded model checking
(BMC) tool for verifying multi-threaded C programs. It is derived from
DEAGLE and reuses the CBMC front-end for parsing, goto-program
construction, loop unwinding, and SSA-based formula generation. IEKKE
differs from both CBMC and DEAGLE in its treatment of shared-memory
interactions: it replaces the classic partial-order memory constraints with
a bounded-round encoding inspired by lazy sequentialization. The resulting
shared-memory constraints are linear in the number of memory events
of the bounded program and linear in the round bound k, avoiding the
quadratic/cubic growth typical of partial-order encodings. Because the
concurrency constraints are compact and purely propositional, IEKKE
relies on an off-the-shelf SAT solver (e.g., MINISAT) rather than a
dedicated ordering-theory solver. IEKKE supports reachability, assertion
and data-race checking, and produces SV-COMP witnesses for violations.

Keywords: Program verification - Bounded model checking - Concur-
rency - SAT.

1 Verification Approach

Background. For shared-memory concurrency, BMC tools must connect reads
and writes across threads in a way that corresponds to a consistent execution.
Classical encodings, including the partial-order approach used in CBMC, intro-
duce constraints over event orders (e.g., happens-before, coherence) and enforce
consistency by global properties such as acyclicity [1,12]. On memory-intensive
instances, these constraints can dominate the formula size.
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Bounded-round semantics. TEKKE (pronounced 'jekko) under-approximates the
interleaving space by restricting the analysis to executions that can be partitioned
into at most k£ rounds. Intuitively, in each round threads execute in a fixed global
order; each thread executes a (possibly empty) contiguous segment of its SSA steps
and then yields to the next thread. This scheduling discipline is inspired by lazy
sequentialization (e.g., LAzZY-CSEQ) [9,11] and is effective for bug finding because
many concurrency bugs manifest within a small number of context-switches [13].
Lazy-CSEQ’s sequentialization is also used in [8,10,5,14,15].

Bounded-round memory constraints. For a fixed k, IEKKE introduces variables
that represent (i) the per-thread context-switch points delimiting the segments
executed by the thread in each round, and (ii) the round assignment of memory
events. Shared-memory writes update the per-round snapshots of the shared
variables; shared-memory reads select the value of the latest visible write according
to the round and thread order. Crucially, the number of additional constraints is
linear in (a) the number of shared-memory events in the bounded program and
(b) the round bound k.

Relation to Lazy-CSeq and CBMC/DEAGLE. 1EKKE is designed to inherit the
strengths of both LAzy-CSEQ and CBMC while addressing key weaknesses of
each. From LAzy-CSEQ, IEKKE inherits the idea of bounding concurrency by a
small number of rounds and the resulting compact treatment of shared-memory
interactions. However, unlike source-level lazy sequentialization, IEKKE does not
replicate each thread’s code for every round. Instead, it builds on CBMC’s SSA-
based front-end and introduces round/context-switch-point variables directly
at the formula level, keeping a single symbolic copy of the program while still
restricting schedules to at most k rounds. From CBMC, IEKKE inherits the
mature parsing, unwinding, and SSA generation pipeline, but it replaces CBMC’s
resp. DEAGLE’s partial-order-style shared-memory constraints—which can grow
quadratically or worse in the number of events—with its own bounded-round
memory constraints that are linear in the number of shared-memory events and
in the round bound k. CBMC and DEAGLE both support weak memory models
while IEKKE currently supports only sequential consistency.

Why SAT suffices. DEAGLE tries to address the scalability issues of large partial-
order encodings by integrating a specialized solver component to reason about
ordering consistency [6,7]. In contrast, IEKKE reduces the blow-up at the source:
bounded-round constraints make shared-memory consistency largely explicit in
the schedule (i.e., round and thread order), yielding a compact propositional
encoding that can be handled effectively by standard CDCL SAT solvers such as
MINISAT [4]. Moreover, the round bound & provides a smooth trade-off between
compactness and coverage. In the extreme, choosing k large enough (e.g., k > |E|,
where E is the set of shared-memory events in the bounded program) allows
IEKKE to simulate executions with as many context-switch opportunities as there
are memory events, and thus to capture the same read /write interaction patterns
as the existing CBMC/DEAGLE encodings on the bounded program. In this worst
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case, the size of the shared-memory constraints becomes O(|E| - k) = O(|E|?),
still avoiding the cubic growth that can arise in certain partial-order formulations.

Supported properties. IEKKE supports all reachability checks supported by CBMC
(e.g., assertion violations, unreach-call) and concurrency-specific checks. For
data races, IEKKE searches for executions witnessing conflicting unsynchronized
accesses and reports them as violations.

2 Software Architecture

Implementation lineage. IEKKE inherits from but is not built directly on top of
CBMC. Instead, it is derived from DEAGLE, which already incorporates several
concurrency-oriented optimizations in the encoding of thread functions (partly
inherited from Yogar-CBMC). IEKKE reuses this optimized CBMC/DEAGLE
infrastructure for parsing, unwinding, and SSA generation, but replaces DEA-
GLE’s partial-order /ordering-theory layer with our bounded-round shared-memory
constraints. IEKK#’s pipeline thus comprises the following steps:

— Front-end. This step includes preprocessing and parsing of C; construction of
a goto-program; modeling of common concurrency primitives (e.g., Pthreads);
loop unwinding up to the user-provided bound; and the SSA generation for
thread-local control/data flow [12].

— Concurrency encoding. This step replaces DEAGLE’s partial-order layer
with new bounded-round shared-memory constraints. The encoding is gen-
erated natively at the formula level (rather than via source-to-source se-
quentialization), which enables a tight integration with the existing SSA
pipeline.

— Solving. The resulting propositional formula is discharged by an off-the-shelf
SAT solver; we use MINISAT as default solver.

— Counterexamples and witnesses. IEKKE includes in the constructed
SSA form the mapping between the SSA variables and the original program
variables, following the style of CBMC/DEAGLE. Thus, for violated prop-
erties, IEKKE can reuse the counterexample generation and trace reporting
infrastructure of the CBMC/DEAGLE tool chain.

[EKKE is implemented in C++, given its CBM C-derived architecture and codebase.

3 Strengths and Weaknesses

Strengths. On unsafe benchmarks where violations occur within a few rounds,
IEKKE is competitive while often using substantially less time and memory than
partial-order approaches such as DEAGLE and CBMC. On benchmarks with
many memory events, the linear growth in events and rounds avoids the cubic
blow-up typical of classic partial-order encodings, improving practical scalability.
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Weaknesses. IEKKE uses a BMC approach; in addition to the bounds on loop
unwinding and recursion depth, it introduces a bound on the number of rounds.
In contrast to the former two, IEKKE currently does not automatically increase
the round bound, which must be specified by the user; if a bug requires more
rounds for discovery than specified, the tool will not report it. The approach is
thus an under-approximation and is more specialized to find bugs.

Results. TEKKE scored 3428 points, earning the bronze medal in the Concurrency
category [2]. It identified 308 bugs with confirmed witnesses and 216 without.
IEKKE gave incorrect answers for 44 safe benchmarks due to minor implementation
bugs and misclassified 22 unsafe benchmarks as safe: 3 of these were caused by
DEAGLE issues, while the rest were due to considering only 3 rounds. DEAGLE
correctly solved 40 of these 66 benchmarks. IEKKE performed well overall, except
in the no-data-race sub-category, solving only 646 out of 1030 benchmarks.

4 Tool Setup and Configuration

Installation. IEKKE installation is identical to that of DEAGLE; detailed instruc-
tions are provided in the repository README.

Parameters. IEKKE reuses CBMC/DEAGLE’s standard parameters (i.e., archi-
tecture bit-width, unwinding, property selection). The maximum number of
computation rounds is set via --lazy-c-seq-rounds; in the competition, we
simply use a fixed value k = 3, since real bugs often manifest within 3 rounds;
however, we can improve this by an iterative deepening scheme. Property selection
is via dedicated parameters. For example, the no-overflow property requires
the additional parameters --no-assertions, --signed-overflow-check, and
--unsigned-overflow-check. We refer to the Zenodo archive for further details.

Participation. TEKKE participates only in the Concurrency category. We sup-
port the following properties: no-data-race, no-overflow, unreach-call, and
valid-memsafety.

Usage. A typical invocation is:

deagle_exe file.c --lazy-c-seq-rounds 3 --unwind 9 <other opts>

5 Software Project

IEKKE is developed by the authors based on DEAGLE 4.1.0 and its corresponding
CProver/CBMC infrastructure, using MINISAT as default SAT backend. IEKKE
is licensed under GPLv3; see the repository for the exact competition package,
third-party licenses, and build instructions.
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The SV-COMP submission is based on commit 50ddac2. The competition snap-
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Open Access. This chapter is licensed under the terms of the Creative Commons
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/),
which permits use, sharing, adaptation, distribution, and reproduction in any medium
or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the
chapter’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the chapter’s Creative Commons license and
your intended use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright holder.
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